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against the purif ied enzyme. Subsequently
the nucleotide sequence of the
endopeptidase gene was determined and
analysed, revealing that pepO is the last
gene of the operon encoding the ATP-
dependent oligopeptide transport system
Opp. Homology studies showed that PepO
is highly similar to the mammalian neutral
endopep t i dase  E  C 3 . 4 . 2 4  t 1
(enkephalinase). By means of gene
disruption a pepo-negative mutant was
constructed in the strain MGl363. Growth
and acid production of the mutant strain in
milk were not affected, indicating that the
endopeptidase is not essential for growth of
L. lactis in milk.
Chapter 3 describes the cloning of
*re tripeptidase gene QtepT) from a genomic
library of l. /aclis subsp. crentoris MG1363
in the E coll plasmid pUCl9 Clones
containing pepT were identified by colony
hybridization using a pepT' fragment isolated
previously with oligonucleotides which
were designed lrom the N-terminal amino
acid sequence of the purif ied PepT. 1'he
nucleotide sequence of pepTwas determined
and analysed, showing that pepT is part of
an operon. High amino acid sequence
homology was found with PepT of
Salmonella typhimurium and L,. coli,
indicating a common evolutionary origin. l.
lacÍis PepT was enzymatically active in E.
coli and allowed growth of a peptidase-
negative leucine auxotrophic E. coli strain
by l iberation of leucine from a tripeptide.
Using a two-step in legrat ion-excis ion
method, apepT-deficient mutant of L. I.qc'lis
MG1363 was constructed. No differences
between the growth of the mutant and the
wi ld- type st ra in in  mi lk  or  in  chemical ly
defined rnedium with casein as the sole
source of essential amino acids were
obsen'ed indicating that PepT is not
essential for growth in these media.
In addition to the two peptidase
mutants described above several researchers
have inactivated pepl", pep(-, pepN, pepA
and pep X and have analysed the mutants for
their capacity to grow in milk. None of the
mutants showed dramatic differences in
growth and acid production in this medium
when compared to the wild+ype. This
indicates that the peptidases under
investigation are either not involved in the
degradation of casein-derived peptides or
that other peptidases in the cell can take
over their function. Chapter 4 describes the
construction of multiple peptidase mutants
by successive rounds of chromosomal gene
replacement mutagenesis in which up to all
five of the following genes were inactivated
pepX, pcpO, pepT, pepC and pepN. ln
contrast to the single mutants, these multiple
mutants showed lower growth rates in milk
with the general trend that an increasing
number of peptidase inactivations gradually
affected the growth rate in milk to higher
extents. The rnutant in which all f ive genes
were inactivated grew more than l0 times
slower in milk than the wild+ype strain. The
decreased growth rates can directly be
attributed to the inability of the mutants to
degrade casein-derived peptides, because no
signiÍicant diÍïerences in the activity and/or
expression of the other components of the
proteolytic system such as proteinase PrtP,
the oligopeptide transport system or the
remaining peptidases in the cell were
observed. Moreover, in one of the fburfold
mutants and in the fivefold mutant the
intracellular pools of amino acids were
lower compared to the rvild-type, whereas
peptides accumulated in the cell These
experirnents provide direct evidence that
PepO, PepN, PepC and PepT are directly
involved in peptide degradation for growth
in milk and sug-cest a sequential degradation
of  the pept ides which enter  the cel ls  by
l 0 s
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different peptidases Peptides are first
broken down into smaller peptides and
amino acids by the broad specificity
aminopeptidases PepN and PepC and the
endopeptidase PepO. Next, the resulting
smaller peptides are substrate for the broad
specificity tripeptidase and dipeptidase.
Peptides with special amino acids at the first
or second position are degraded by
specialized peptidases such as PepX and
others.
During growth in milk, casein is
degraded into a complex mixture of
oligopeptides which makes it difficult to
assign a particular function to individual
peptidases Íbr degradation ofthese peptides.
In Chapter 5 a study is described in which
single peptides containing the essential
amino acid leucine were offered to the well-
defined peptidase mutants described above,
as the sole source of this amino acid for
growth in chemically defined rnedium
(CDM). ln this situation grofih of the
mutant depends on its ability to degrade the
peptide and to release the essential leucine.
The fate of the peptides was also monitored
by FIPLC analysis of the intracellular amino
acid and peptide fractions. Mutants lacking
PepN, PepC, PepT plus PepX can not utilize
peptides such as Leu-Gly-Gly, Gly-Phe-
Leu, Leu-Gly-Pro, Ala-Pro-LeLr and Gly-
Leu-Gly-Leu. This indicated that these
peptidases are essential for the degradation
of these peptides and that no other
peptidases are present in L. IacÍis MG1363
which can degrade these peptides This
result is supported by the finding that in
mutants which can not grow when supplied
with a particular peptide, this peptide
accumulates inside the cell and is not
hydrolyzed to the constituting amino acids,
as it is the case in strains which are able to
grow with the peptide. Surprisingly, the
1 0 6
mutant in which PepN, PepC, PepT, PepX
plus PepO were inactivated could still grow
on the pentapeptide Tyr-Gly-Gly-Phe-Leu.
This finding led to the identification of an as
yet unknown PepO-like endopeptidase and
confirmed the presence of the dipeptidase
The experiments described revealed several
properties of peptide degradation in 1..
lactis. The general amino peptidases PepN,
PepC and PepT have overlapping but not
identical substrate specificities and differ in
their overall activity towards indivrdual
peptides. In contrast, PepX has a unique
specificity, because it is the only enzyme
which can efficiently degrade Ala-Pro-Leu.
Certain peptides can only be broken down
by the concerted action of different
peptidases, as e.g. in a pepN-deficient
background, leucine can only be liberated
from Gly-Leu-Gly-Leu by the joint action
ofPepC and PepT.
The studies presented in this thesis
contribute to our understanding of the
proteolytic pathway which allows L. lacíis
to grow in milk which is summarized in the
following model. As shown in Fig l a
proteinase which is attached to the cell
envelope degrades casein into a multitude of
oligopeptides, creating a high concentration
ofthese peptides near the cell surface. Next
an oligopeptide transport system with a
specialized binding protein for
oligopeptides, also exposed to the surface of
the cell, binds and translocates the peptides
into the cell. Finally, an intracellular array
of peptidases with different specificities
degrade the incoming peptides into amino
acids. The system is simple and efficient, it
works from the outside to the inside, and it
delivers the free amino acids for the
synthesis of L. lacÍis-specific omponents at




















































Fig. l. Model of the degradation of casein and casein-derived peptides by Loctococcus
lactis.
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